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BOIA ttLMACHINE HAVING TWO ROTORS 
DESCRIPTION 

The present invention refers to the mechanism of a rotary Intemal-combustlon engine. 

Engines of this l<ind are othenwise refen-ed to by the generally l(nown name of Wankel engines. A 
Wankel engine does completely away with the classical connecting rod-piston crank mechanisms that are 
generally © be found in internal-combustion engines to convert the reciprocating motion of tiie piston Into the 
rotary motion of the driving shaft, i.e. the crankshaft. The main component parts making up tiie structure of the 
Wankel engine usually Include a prism-shaped rotary member having convex-sided triangular bases (I.e. the so- 
called Reuleaux tiiangie), which is generally refemed to as tiie rotor, and a stationary member, i.e. the stator, 
which contains tiie rotor. On a first base thereof, the rotor has in turn a ring gear disposed concentrically to the 
axis thereof, wherein a pinion fixed on to the stator meshes with tiie teetti of such a gear. This constraint 
detemiines tiie ti^jectoiy of tiie rotor witfiin tiie stator. A round-eccentric driving shaft is coupled witii ttie second 
base of tiie rotor. The stator has such a section as to ensure tfiat no separation of the wall of said stator ftom 
ttie vertices of the rotor can ever take place at any moment whatsoever. Such section takes generally tiie shape 
of an epitrochoid. By virtue of ttie combustion of the air-fuel mixture, the rotor Is driven rotatably witfiin the stator 
and, via the eccentiic, transfers its rotary motion to the driving shaft. The equivalent of tiie combustion chamber 
provided between piston and cylinder in a standard reciprocating engine is fornied, in a rotary engine, by the 
volumes that are enclosed between tiie sides of tiie rotor and the inner surfaces of tiie stator. Owing to ttie 
particular geometry of botii rotor and stator, tiie rotary motion of tiie rotor causes tiiese volumes to change 
cyclically. While so moving wittiin tiie stator, tiie rotor flien tiiggers and defines tiie various intake, combustion, 
expansion and exhaust phases of ttie engine, while at the same time also acting as the timing member. As a 
matter of fact neittier valves nor timing gearing or linkage are to be found in a Wankel engine, actually. In view 
of Improving combustion characteristics, on tiie sides of tiie rotor there are sometimes provided appropriate 
shallow cavities, in which most of the mixture to be Ignited Is then able to be held. The kinematical link of tiie 
rotor witti ttie driving shaft is such ttiat Uie latter is generally able to perfomi ttiree turns per each revolution of 
tiie rotor. Known in ttie art are finally engines provided wiUi more than a single rotor. 

Nevertiieless, tiie diffusion of tills kind of engines - for example, as disclosed in US Patent no. 
2,988.065 - has taken place to a quite negligible extent hittierto, owing mainly to following drawbacks, which 
have not up to now been able to be satisfactorily done away witii tiirough a construction ttiat would actually 
prove ftinctionaliy efficient and economically fitting and viable. Although a Wankel engine allows for ttie 
combustion of ttie air-fuel mixture to be used to an efficiency extent ttiat is more or less equal to that of a 
reciprocating piston engine (the driving shaft rotates by approximately 180" in both cases during tills phase), ttie 
problem created by the vibrations being generated by reciprocatingly moving masses to be eliminated, tiie 
unbalance forces acting on ttie driving shaft to be reduced, as well as a simple overall construction to be 
achieved along witti a limited weight ttianks to tiie smaller number of parts required, its actual drawbacks are 
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manifold. As already stated above, the combustion chamber that is formed in tiie Wankel engine is defined by 
the sides of the rotor and the inner surface of the stator. It turns out to be long and narrow in its shape, and 
therefore to have an unfavourable volume-to-surface ratio, which implies greater heat losses and acts against 
an optimal flame propagation, so tiiat the time required for all of ttie mixture to burn is relatively long. This 
5 problem becomes more marked in ttie case of big engine sizes, owing to ttie size of tiie chamber increasing 
proportionally. Additionally, ttie burnt mixture in t^ditional Wankel engines is exhausted upon ttie driving shaft 
having completed a rotation of approximately 180' (60« on tiie rotor), witii just a small ami of ttie motive force 
and for a very short period of time. These particular drawbacks are conducive to a greater fiiel usage by the 
engine, owing to ttie unfavourable heat efficiency and ttie poorer utilization of tiie combustion eneigy. 

10 Furthennore, a lower overall efficiency is achieved, owing to a compression ratio tiiat usually lies at values of 
approximately 7. Finally, ttie non-optimal combustion conditions generate a more merited air polluting effect 

Now. tiie above-described drawbacks of Wankel engines cannot be eliminated if traditional 
constiojction solutions keep being stuck by. For example, for tiie compression ratio to be able to be improved, 
ttie need would arise for ttie volume of ttie combustion chamber to be reduced. However, such a reduction 

15 would imply ttie same combustion chamber to. become still nanower, so tfiat ttie problem connected to ttie 
unfavourable volume-to surface ratio would be aggravated. As far as ttie exhaust angle is on ttie conti^ry 
concemed, the same is determined by ttie inherent geometiy of the system and. tiierefore, can be modified only 
marginally, i.e. to a quite small extent Various solutions have anyhow been proposed in view of doing away witti 
these drawbacks. These include: 

20 - ttie use of two sparic plugs controlled in such a manner as to ensure ttiat ttie respective spari<s go off 

wItti a certain phase shift, for instance as shown in the US Patent No. 3,982,502; 

- flie adoption of a precombustion or pre-ignition chamber on tiie outside of ttie stator and connected 
witti the same stator via at least two ports situated on opposite sides relative of the smallest-diameter point of 
the tirocholdal surface, such as tiiis is shown for instance in tiie US Patent No. 3,391.677; 

t5 - a combination of the above-described solutions, such as disclosed in ttie US Patent No. 4,096,828; 

- the use of combustion chambers tiiat are provided, at least partially, also in ttie rotor, such as 
disclosed for instance In ttie US Patent No. 3,387,595. 

Even ttiese solutions, however, have hitiierto failed to prove very successful, owing basically to the fact 
that the greater consfruction complexity involved failed to be compensated for by an adequate improvement in 
0 performances. 

It tiierefore Is actually a main object of tiie present invention to improve tiie operation and tiie 
efficiency, as well as to reduce tiie polluting effect of a rotary machine, while being at ttie same time able to also 
make use of the diesel cycle. 

Wrthin this main object a further purpose of tiie present invention Is to provide an engine and a 
5 compressor, which make use of tfie construction characteristics of said rotary machine. 

According to tiie present Invention, tiiese aims are reached in a rotary machine, as well as an engine 
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and a compressor, incorporating the characteristics as recited in the appended clainis. 

In particular, in a prefenred embodiment thereof as described below, the invention has a configuration 
of the rotor/driving shaft axis/stator assembly, in which: 

- the rotor has an outer contour in the shape of a first equilateral triangle with convex sides, and has 
5 therewithin a cavity provided with three lobes, which are refemed to as female lobes herein and are arranged 

according to the vertices of a second equilateral triangle provided concentrically wiUi the first equilateral triangle 
and rotated by 60** relative Uiereto. Each cavity communicates with tiie outside of the rotor via a chamber 
provided in the rotor itself; 

- onto tile driving shaft tiiere is eccentrically attached a second rotor, contained in the first rotor, ttie 
1 0 extremities of which are in a shape tiiat is complementary to the shape of a female lobe; 

- ttie stator has an inner section that is constituted by two juxtaposed arcs of a circumference joined to 
each other by arcs having a smaller radius of curvature. 

Furtiiennorc, a prefen-ed embodiment of ttie present invention includes, in a manner tfiat is known as 
such in ttie art, ttie provision in ttie stator of at least two injectors adapted to woric in a sequence, tiie second 
15 one of which - as ttiis shall be described in greater detail further on - is aimed at ensuring a more smootti, 
gradually occumng motion of ttie rotor. 

The constiuction of the rotary machine according to ttie present invention anyway enables following 
features to be achieved: 

- the combustion takes place in a chamber ttiat has a high volume-to-surface ratio, i.e. a chamber ttiat, 
20 in tiie case in point, is almost cylindrical; 

- ttie burnt mixture is allowed to expand for a longer time and, as a result, to periderm a useful woric on 
the driving shaft for a con-esponding longer time, hence ttie unifomiity in ttie torque delivery and ttie high 
efficiency; 

- ttie designer has ttie possibility to alter, i.e. to scale at will ttie shape of ttie rotary machine in view of 
25 achieving the desired power rating. 

Anyway, these and otiier features, along witti the advantages deriving ttierefrom, will be more readily 
understood from the description of the construction and operation of a prefenred, although not sole embodiment 
of the present invention, which is given below by way of non-limiting example witii reference to the 
accompanying drawings, in which: 
50 - Fig.1 is a vertical cross-sectional view of ttie assembly formed by tiie first and the second rotor, the 

driving shaft and the stator along a section line indicated at F in Fig.2; 

- Fig.2 is a vertical cross-sectional view of ttie assembly formed by tiie first and the second rotor, 
ttie driving shaft and ttie stator along a vertical plane passing ttirough tiie axis of the driving shaft; 

- Fig.3a s a vertical cross-sectional view of ttie stator along the line of section of Fig. 1; 

^5 - '^'g-3b is a schematical, cross-sectional geometric representation of the stator, as considered 

helpful in defining tiie construction tiiereof; 
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- Fig.4a is a cross-sectional view of the rotor along a vertical sectional plane extending orthogonally 
to the axis of rotation thereof, so as to better illustrate the cavities and the conduits inside the rotor; 

- Fig.4b is a schematical, cross-sectional geometric representation of ttie rotor, as considered 
helpful in defining ttie constmction tiiereof; 

5 - Fig.Sa is a cross-sectional view of flie second rotor along a vertical sectional plane extending 

orthogonally to ttie axis of rotation tiiereof, so as to better illustrate ttie conduits inside tiie second rotor; 

- Fig.Sb is a schematical, cross-sectional geometiic representation of tiie second rotor, as 
considered helpful in defining ttie construction tiiereof; 

- Figures 6 to 15 are respective views of ttie mutual an^ngement of rotor and lobe inside ttie stator 
1 0 during each tiienmodynamic phase of ttie engine cycle; 

- Fig.1 6 is a cross-sectional view along a vertical plane extending perpendicularly to ttie axis of ttie 
driving shaft of a compressor tiiat uses a similar mechanical construction as tiie engine according to tiie present 
invention; 

- Fig.17 is a view showing a detail of a side of ttie rotor belonging to ttie compressor shown in 
15 Fig.16; and 

- Figures 18 to 21 are respective views of ttie phases of ttie intake and delivery cycle of ttie 
compressor shown in Fig.16. 

Figures 1 and 2 illustrate, as generally indicated at 1, an exemplary embodiment of a rotary machine 
incorporating tiie solutions and features according to tiie present invention. This rotary machine comprises a 
20 stationary member 33 (Figures 1 and 3a), which is generally refemed to as ttie stator, witfiin which (see Figures 
1 and 4a) ttiere is contained a rotating member 31, which is generally refemed to as the rotor. Coaxially witti ttie 
rotor 31 ttiere is provided a driving shaft 32, on which tiiere is eccentrically secured a second rotor 20 (see 
Fig.Sa). 

When observed in its vertical cross-section, ttie rotor 31 shows an outer contour in ttie shape of an 
25 equilateral triangle TGI having convex sides. At the vertices of ttiis triangle T01 ttiere are provided, using 
techniques tiiat are known as such in ttie art, sealing means that are indicated at 15a, 15b and 15c in ttie 
Figures. Inside said rotor ttiere is provided a regular tiiree-lobe cavity 1 1 , the lobes 1 1 a, 1 1 b and 1 1c of which 
shall from now on be refemed to as female lobes. 

With reference to Fig.4, ttie indications are set forth to geometrically describe and draw out ttie rotor 31 
30 and the ttiree lobes 1 la, 1 1 b and 1 1c of ttie cavity 1 1 . Calling T1 an equilateral triangle, let a second triangle T2 
contained in T1, and having its barycentte coinciding witti ttie one of T1 and its sides parallel to ttie ones of T1 , 
be considered. Let now a compass be pointed from a vertex of T2 at one of ttie farthest vertices of T1 and let an 
arc L1 to be drawn which joins said two vertices witii each ottier. The arc ttiat is obtained in ttiis way is a convex 
side of the rotor 31 . By going through tills same procedure for all of ttie three vertices of T2, ttie outer contour of 
35 ttie rotor 31 is eventually obtained. 
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Let us now draw out a semi-circumference L2 externally with respect to T2. having a diameter that is 
equal to the same side of T2, and having extremities that coincide with the extremities of the considered side of 
T2. Repeating the same procedure for all of the three sides of T2, three semi-circumferences L2 are eventually 
obtained, which constitute the perimeter of the cavity 11; the rotor 31 turns in this way out as being fonned by 
5 three identical sectors. 

The above-mentioned female lobes 11a, lib and 11c geometrically define three cusps, In 
con-espondence of which there are provided, with techniques that are known as such in the art sealing means 
1 3a, 1 3b and 1 3c, respectively. The female lobes 11 a, 1 1 b and 1 1 c are communicating with the outer contour of 
the rotor 31 via three chambers 12a, 12b and 12c, respectively, which are substantially oval and elongated in 

10 their cross-section. Clearly, tfie shape of these chambers may change, by for instance showing a greater or 
smaller eccentricity of the oval or by taking the shape of a mixtilinear rectangle. As best illustrated in Fig.4a, 
tiiese chambers are provided on tiie summit of said ttiree lobes 1 la, 1 lb and 1 1c. 

No stiict rule is given as far as the sizing of tiie female lobes 11a, lib and 11c (i.e. ttie size of the 
triangle T2 inside the triangle T1 in Fig.4b) is concerned, since these sizes should ratiier be considered and 

1 5 assessed in each single case, i.e. depending on each single case. However, it should be noticed ttiat there exist 
definite lowest and highest allowable values. The highest allowable value is detennined by flie smallest desired 
size of the chambers 1 2a, 1 2b and 1 2b (tiie larger the size of the female lobe, the smaller the volume remaining 
for said chambers), whereas Uie lowest value is determined by ttie amount of stress which ttie driving shaft is 
actually capable of withstanding (the smaller the female lobe, the smaller the size of the second rotor attached 

20 on to the driving shaft 32 and, as a result, the smaller the diameter of tiie driving shaft 32). 

Fertile geometrical indications given in connection with ttie sizing and the configuration of the second 
rotor 20 to be more cleariy understood, reference should be made to Fig.5b. The indications that are given here, 
as well as in ttie geometrical descriptions that will follow further on, shall not be understood as representing a 
strictiy applying, rigorous rule, but rather a general, broadly applying one, which therefore is subject to finer 

25 adjustments that prove absolutely necessary at botti an experimental and design level, when a number of 
further factors, such as machining and manufacturing tolerances, ttiermal expansion and ttie like, need to be 
duly taken into account. 

Anyhow, let a segment SS be considered, whose extremities are indicated at CI and C2. Let now two 
semi-circumferences Cfl, Cf2 be drawn out witii centres CI and C2, respectively, so tiiat ttie extremities of 

30 ttiese semi-circumferences come to lie on a straight line extending peipendiculariy to said segment SS, said 
semi-circumferences have a diameter corresponding to ttie sides of the triangle T2, as already defined witfi 
reference to Fig.4b, and ttie distance of the centre of these semi-circumferences to ttie furthermost point of ttie 
other semi-circumference is equal to ttie height of ttie triangle T2, having a lengUi defined as M2. Said semi- 
circumferences Cfl, Cf2 are then joined to each ottier by two similar arcs having a circumference Cf3, witti ttie 

35 convexity ttiereof facing the segment SS, each one of said arcs being obtained by setting a compass, witti a 
spread M2 of ttie compass-legs, at a first point on ttie median M of ttie centimes C1 , C2, and at a second point on 
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one of the two closest extremities of Cf1 or Cf2. 

As already stated above, this is just a broadly applying indication. The radius of the arcs Cf3 and the 
point on the median M shall be found out so as to avoid fonming cusps in the outer contours of the second rotor 
20. 

5 Securing the second rotor 20 on to the driving shaft 32 is perfonned so as to ensure that the axis X of 

the driving shaft 32 passes through one of the centres C1, C2 shown in Fig.Sb. It ensues that an end portion of 
the rotor 20 protoides from the driving shaft 32; this protruding end portion is indicated at 20a in the Figures and 
shall from now on be refen^d to as male lobe. The second rotor 20, as this shall be described in greater detail 
further on, turns out to be fully contained within the cavity 1 1 of the rotor 31. As a result, it is necessary for the 
10 radiuses of the semi-circumferences Cf1, Cf2 to be substantially equal to the radiuses of the female lobes 11a, 
1 1 b and 1 1c, and for the distance M2 of the centre of a semi-circumference to the furthemnost point of the other 
semi-circumference to be substantially equal to the distance existing from the axis X of the driving shaft 32 and 
a sealing means 13a, 13b, 13c. This consideration shall be seen at the light of the possible machining or 
manufacturing tolerances. 

15 Usually, conduits 20b and/or labyrinths, in which cooling and/or lubricating media are intended to flow, 

are provided inside the above-mentioned second rotor 20. 

Along the borders of the two bases of the rotor 31 there are provided guiding means 88, in which there 
are able to slide rollers 27 that are attached to the stator (Fig.2) and are generally associated to a spring to 
dampen vibrations. The combined provision of said rollers and related guides enables the vibrations of the rotor 

20 to be dampened, thereby stabilizing the whole engine. Said guides 88 are a feature of the present invention and 
have two peculiar advantages. They in fact replace the ring gear/pinion assembly of the traditional Wankel 
engine design, by guiding the rotor 31 in the rotary trajectory thereof within the stator 33; furthermore, they are 
effective in preventing the rotor 31 from rubbing against the surface of the stator 33. In fact, sealing means (not 
shown) are provided according to the present invention along the periphery of the bases of the rotor 31 in 

25 contact with the stator 33. 

The stator 33 (Fig.3a) has an inner cavity 33a in contact with the rotor 31. The upper stator surface 
33b, in con-espondence of the vertical axis of symmetry YY of the stator 33, shows a recess that constitutes a 
primary combustion chamber 24, into which there is debouching a first injector 39. This combustion chamber is 
needed owing to reasons of system's geometry, since it proves absolutely necessary in view of allowing for the 

30 motion of the rotor 31 in the stator 33, which, instead of being a simple rotary motion as in traditional Wankel 
engines, is in this case rather the combination of a rotary motion and a translatory one. Moving further on in a 
clockwise direction along said upper stator surface 33b, there can be found a second injector 23. Between said 
two injectors 39, 23 there can be provided an igniter plug or a heater plug 38. The positions and the number of 
said injectors and said spark plug may vary depending on the different embodiments. For example, if an anti- 

35 clockwise direction of rotation is selected for the rotor 31 . the positions of tfie above-cited items relative to each 
otiier must of course be inverted. 
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In the lower stator surface 33c there is provided an intake port 60, with the related inflow conduit 60a, 
and an exhaust port 70, with the related outflow conduit 70a, an exhaust valve 14, as appropriately driven by a 
central electronic control unit (not shown in the Figures), being further provided In said outflow conduit 70a. In 
addition, in a position opposite to the primary combustion chamber 24, the lower stator surface 33c comprises 
5 another chamber 71, which is again necessarily provided owing to purely geometrical reasons in view of 
allowing for the combined rotary and translatory motion of the rotor 31 to take place within the stator 33. 

For the geometrical indications given in connection with the sizing and the configuration of the stator 33 
to be more clearly understood, reference should now be made to Fig.3b, in which the constmcHon of the rotor 
31 , so as obtained in accordance with the description that has been set forth previously with reference to Flg.4b, 

1 0 has been partly illustrated. 

In this connection, let the distance from a vertex of the triangle 12 and the vertex of the triangte T1 
lying closest thereto be defined as Ml . Let now a vertex of the triangle T2, i.e. a point corresponding to an upper 
cusp of the cavity 1 1 of the same rotor 31 in Fig.4a, be identified and defined as point P2. Let then a compass 
be set at fiiis point P2 with a spread of the compass legs that is equal to the distance from this point P2 to one 

15 of the opposing vertices of the triangle T1, and let a first arc A2 be described (it will turn out as being an 
extension of a convex side of tiie rotor 31). Considering the circle CC in which the triangle T2 is Inscribed, let 
now the point P2' be identified, which is the counterpart of ttie above-cited point P2 at an intersection of flie 
circle CC with a height AA of the triangle T1. Let a compass be set at this point P2' vwtii a spread of the 
compass legs that is equal to Vne distance from the point P2 to one of tiie two farthermost outer vertices of the 

20 first triangle T1. Let an arc A3 be described in this way, which intersects the triangle T1 and constitutes tiie 
second part of tiie inner stator surface. Next, the contour of flie chambers 71, 24 is drawn out in tiie following 
manner. By setting a compass once at P2 and once at P2' with a spread of the compass legs that is equal to the 
afore-defined distance Ml, two similar arcs A4 can be described, whose portion extending outside the arcs A2 
and A3 fonns the contour of the chambers 71 and 14, respectively. 

25 Owing to the particular construction of the two circumference arcs A2 and A3, the above-mentioned 

arcs A4 therefore forni two side sharp comers in the inner stator surface. These arcs are at tills point joined witti 
each other in tiie following manner. By using a compass with a spread Ml of its legs, «ie same is set on ttie 
horizontal axis of symmetiy SI of tiie stator 33, in flie portion thereof comprised wittiin the arcs A2, A3, so tiiat 
tiie otiier tip of tiie compass is able to describe a tangent arc relative to ttie previously described arx;s A2, A3. 

30 Let now an arc A7 be drawn out witti such an amplitude as to enable it to reach the corresponding point on the 
opposite arc. This latter arc A7 represents tiie link joining tiie two arcs A2 and A3 witti each ottier. This 
procedure must of course be repeated on both sides of tiie stator 33. 

In Fig.3b, said arc A7 has been drawn in such a manner as to show it conspicuously. As a mere 
indication, an angle of approximately 40" may be considered sufficient for tiie joining arcs A7; in ttie practi'cal 

35 constniction, however, it will be necessary for ttie amplitude to be selected, which is not only tiie appropriate 
one so as ensure tiiat a junction is obtained witiiout any discontinuity in ttie curvature of ttie stator surtax, but is 
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also compatible with tlie actual manufacturing difficulties. In other words, no cusp shall be formed. It should be 
noticed that the axis X of the driving shaft 32, by its own construction, turns therefore out as being contained in 
the straight line passing through the Intersection points of the arcs A3 and A4, i.e. the horizontal axis of 
symmetry S1 of the stator. 

S The three-lobe cavity 1 1 , the second rotor 20 and the rotor 31/stator 33/male lobe 20a assembly are so 

sized as to ensure that 

- when the male lobe 20a, which protndes relative to the driving shaft 32, is in the position that is 
diametrically opposed to an outer vertex of the rotor 31, said male lobe is perfectly and fully contained in the 
conBsponding female lobe; 

10 - the cusp of the three-lobe cavity 11 that is opposed to the above-mentioned female lobe is sealed 

against the surface of the second rotor 20; 

- in the positions in which the male lobe 20a is not completely contained in a female lobe, the three 
cusps 13a, 13b and 13c of the three-lobe cavity 1 1 are always sealing against the surface of the second rotor 
20; 

IS - the rotor 31, the male lobe 20a and the stator chamber are sized in a substantially equal manner in 

the direction parallel to the axis X of the driving shaft 32. Particular sealing means, of a construction that is 
generally known as such in the art, are an-anged along the perimeter of the rotor sides, where they provide for 
keeping the same rotor perfectly adhering against the inner surfaces of the stator. 

The phases of operation of the engine according to the present invention are now illustrated with 

20 particular references to Figures 6 et seqq. in the following description, in which further peculiar aspects of the 
present invention will also become fully apparent. 

In Fig.6, the driving shaft 32 is shown rotating in the same clockwise direction as the rotor 31; however, 
the latter rotates, by pivoting on the sealing means 15a, at a slower speed, to the point that it comes to stop for 
a very short period of time, before starting again to rotate in the clockwise direction. The male lobe 20a, as 

25 driven by the motion of the driving shaft 32, is at this point entering the female lobe 11b and draws, from the 
intake port 60, air-fuel mixture that flows into the chamber 12a and the female lobe 11a. At the same time, the 
mixture that is already available in the chamber 12b and the female lobe lib from the preceding cycle, starts to 
be compressed by the female lobe 20a. In the opposite portion of the stator 33, inside the volume V2, there are 
to be found the exhaust gases of the preceding cycle, which cannot be exhausted yet, owing to them being 

30 blocked by the sealing means 15a upstream of the exhaust port 70. 

In Fig .7, the rotor 31 is shown to have perfonned a light rotation about the sealing means 15a close to 
the exhaust port 70. In the meanwhile, the intake phase on the left side of the stator 33, there keeps going on 
the intake phase, so that the mixture starts at this point to also flow into the volume VI, which has in this way 
become available between stator 33 and rotor 31 . The male lobe 20a is now within the female lobe 1 1 b, so that 

35 the mixture contained in the chamber 12b is thereby ftirther compressed. The rotor 31 is driven rotatably by the 
male lobe 20a and, by so displacing, sets the exhaust port 70 free, so that the exhaust gases starts to issue 
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therethrough, and are exhausted through the conduits 70a, as pushed by the moving mass of the same rotor 31 . 

In Fig.8, the male lobe 20a is shown to be fully within the female lobe 11b, while the rotor 31 keeps 
being rotated further in the clockwise direction; this time, however, the sealing means 15a perfomis a translatory 
motion, so that it slides on the surface of the chamber 71 (the importance thereof is now fully apparent from the 
5 geometry of the stator 33). The mixture being present in the chamber 12b and the chamber 24, i.e. the volumes 
that are generally indicated at V3 on their whole, is compressed to its maximum extent. The starting or pilot jet 
has already occunBd from the first injector 39, as driven by the central electronic control unit, so that combustion 
has begun and takes prevailingly place inside the chamber 12b. This starting jet is then followed by a pulse 
sequence of other main jets, in a manner known as such in the art, the pulse rate of which is adjusted by the 

10 electronic control unit according to the desired rotation speed. The volume VI, which jointly with the volume of 
the chamber 12a and the female lobe 11a contains the mixture to be ignited in the following cycle, is further 
increased on the left side of the stator 33. The volume V2, on the contrary, keeps decreasing with the result of 
causing a greater amount of spent gases to be exhausted. 

One of the advantages of the particular rotor 31 -second rotor 20 mechanism can now be fully 

1 5 appreciated. This resides in the fact that the combustion takes mainly place in the chamber 1 2b, whose shape is 
fully definable by the designer, owing to its being formed and provided directly in the rotor 31. As a result, this 
chamber is easily provided with such dimensional characteristics as required for optimal combustion, thereby 
eliminating the problem of the linguiform chamber of the traditional Wankel engine (it will be readily appreciated 
that this consideration applies to all of the three chambers 12a, 12b and 12c). In addition, the male lobe 20a, 

20 which is finrily joined to the driving shaft 32, is an integral part of the combustion chamber and behaves as the 
cylinder head in reciprocating-piston engines, thereby giving rise to a number of advantages as described 
further on. 

In Fig.9, the rotor 31, as pushed by the male lobe 20a across the sealing means 13c, is shown to have 
almost reached the right wall of the stator 33, while the male lobe 20a is driven out of the female lobe 1 1 b by the 

25 pressure that the expanding gases in the chamber 1 2b exert upon the head thereof. On the left side of the stator 
33, the volume V1 is completely filled with fresh mixture, whereas the exhaust gases being present on the right 
side occupy the female lobe 1 1c and the chamber 12c, while however keeping flowing out through the exhaust 
port 70. It should be noticed how the sealing means 15a has in the meanwhile moved practically along the 
whole surface of the chamber 71 in the clockwise direction, while the exhaust port 70 is being covered by the 

30 rotor 31 to an ever increasing extent, wherein the fact is stressed once again that the lobe 20a is an integral part 
of the combustion chamber. 

Let us now more closely consider two basic aspects of the present invention. The fact that the pressure 
of the expanding gases exerts a force direcfly upon the male lobe 20a readily implies that the (average) ami, 
with which said force generates a torque on the driving shaft 32, is the one offered by the dimensions of the 

35 male lobe 20a itself, and this ami is certainly greater, for a same size of the rotor, as compared with the one of a 
traditional Wankel engine. This is due to the fact that, in the traditional Wankel engine, said arm coincides 
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numerically with the eccentricity of the eccentric attached to the driving shaft. This feature, therefore, readily 
implies a greater torque and, hence, a greater power being imparted to the driving shaft, as compared with the 
traditional Wankel engine. 

The second basic aspect of the present invention is the substantial constancy, in this phase, of said 
5 arm during the rotation of the male lobe 20a. When looking at Figures 8, 9, 1 0 and 1 1 it can be noticed that also 
the volume in which the combustion gases expand, i.e. the volume which is constituted by the sum of the 
volumes of the chamber 12b and the female lobe lib, rotates in the clockwise direction, since it is so displaced 
by the motion of the rotor 31. Owing to the fact that even the male lobe 20a is in the meanwhile caused to 
rotate, the overall geometry of the system enables the expanding gases to vent off onto the surface of said male 

10 lobe 20a, thereby maintaining an average ann, with respect to the driving shaft 32, that is substantially constant 
in this phase. In other words, we can say that the present invention provides a kind of a rotating combustion and 
expansion chamber that "runs after^, i.e. follows the male lobe 20a. This effect immediately translates into a 
torque that is imparted to the driving shaft 32 in a much smoother manner than in a traditional Wankel engine. 
In Fig.10, the rotor 31 is shown to be almost completely resting against the right inner wall of the stator 

1 5 33. The male lobe 20a, as pushed by the pressure of the expanding gases, is moving out of the female lobe 1 1 b 
in view of successively entering the female lobe 11c. The exhaust port 70 is almost fully covered by the rotor 31 
and obstructed by the action of the exhaust valve 14. As a result, the exhaust gases are now substantially 
entirely contained within the chamber 12c and the female lobe 11c, where they start to undergo compression as 
the male lobe 20a moves thereinto. The way in which such a compression is used to an advantage shall be 

20 explained further on. 

In this particular case, on the contrary, a very important role is played by the operation of the second 
injector 23. In an engine according to the present invention having a rather modest size, the pressure inside the 
combustion chamber, as represented by the volume of the chamber 12b and the free volume of the female lobe 
lib, is substantially constant in this phase. This is due to the small size of the combustion chamber itself, as 

25 well as to the fact that the combustion times are long enough to enable a unifomi combustion to be obtained (it 
will be readily appreciated that these considerations apply regardless of which of the three sides of the rotor 31 
is actually involved by the combustion). Then, in the case of small engine sizes, the pressure onto the wall of the 
female lobe 1 1 b close to the sealing means 1 3b (the point indicated at PI in Fig. 1 0) is high enough to brake the 
rotor 31. Such a braking action is absolutely necessary in order to prevent the rotor 31 from knocking against 

30 the wall of the stator 33 (see the next Fig.11) and, above all, against the rollers 27, in particular at the vertex 
indicated at R1 in Fig.lO. This braking action does on the contrary not take place when the volume of ttie 
combustion chamber increases wiUi the size of tiie engine. In tiiis case, tfie pressure at the point PI would in 
fact be too low for a braking action to be able to take place. Therefore, in view of averting the risk of a possibly 
occurring knocking, a second injection is used ttirough ttie second injector 23. The purpose of such a provision 

35 is to obtain a second combustion and increase the pressure inside the combustion chamber, mainly at said point 
PI , in order to bring about said braking action on the rotor 31 . 
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In Fig.1 1, the rotor 31 is shown to fully rest (via the sealing means 15a, 15b and 15c) against the inner 
wall of the stator 33, where it remains shortly at a standstill. This transient stop of the rotor, that forms a basic 
feature of the present invention, is not a drawback in this case. Actually, it has two advantages: it assists in 
reducing the vibrations of the entire engine body and, above all, makes it possible for energy from the gases 

S expanding in the female lobe 11b and the chamber 12b to be recovered and transfen^ed, via the male lobe 20a, 
to the driving shaft 32. In fact, the male lobe 20a is pushed by the pressure of the expanding gases in the 
female lobe 11b and the chamber 12b, i.e. a pressure that is much higher if said second combustion has 
occurred, and this pressure, now that the rotor is practically at a standstill, can only act, i.e. be exerted onto the 
male lobe 20a. In fact, as it keeps rotating, said lobe starts to invade the female lobe 11c. The exhaust port 70 is 

10 still fully obstnicted by the rotor 31 and the valve 14, so that the exhaust gases, which are contained in the 
female lobe 11c and the chamber 12c, are subject to a strong compression by the lobe 20a and exert a great 
counter-pressure thereagainsL This particular effect is a major feature of the present invention. As a matter of 
fact, considering that the energy of the expanding gases is discharged abruptly onto the male lobe 20a, if there 
is no force acting in the counter-direction the driving shaft 32 would rotate jericily. The counter-action opposed by 

15 the spent gases in the chamber 12c and the female lobe 11c is on the contrary effective in dampening the 
fluctuations in the torque being transmitted to the driving shaft 32 and alleviates the load onto the guides 88. 
Another reason that might make it appropriate for a second injection, and hence a second combustion, to be 
provided, lies in the fact that, when the rotor 31 is in the position shown in Fig.11, a kind of dead-centre 
condition might actually arise. In other words, the forces acting on the rotor 31 and the male lobe 20a are 

20 counterbalancing each other, thereby leading the same rotor and male lobe to stop permanently. The second 
injection provides the additional torque needed to overcome said dead-centre condition by imparting an 
acceleration to the male lobe 20a at said point PI. 

It should be noticed that, since the combustion has begun, the driving shaft 32 has perfonned a useful 
rotation by an angle, as indicated at oi in Fig.11, of 105** up to this point. In this phase, the volume VI has 

25 reached its maximum extension. 

It is now possible for another advantage of the present invention to be highlighted. Defining as Vc the 
volume of any of the chambers 12a, 12b and 12c, if the compression ratio is calculated, i.e. the ratio 
(max(V1)+Vc)/min(V3), this ratio turns out to most easily be in excess of 20; it generally lies at 22 and, 
therefore, allows for a diesel-cycle operation to take place. The peculiar geometry of both the rotor 31 and tiie 

30 male lobe 20a enables a double intake to take place, thereby filling both the volume V1 and the volume Vc of 
the adjacent chamber, followed by a double compression brought about by the rotation of the rotor 31 and tiie 
rotation of tiie male lobe 20a. These combined effects are Uie reason behind tiie high compression ratio, and 
hence tiie high efficiency ttiat can be reached. 

In Fig.12, tiie male lobe 20a, as pushed by the pressure of tiie expanding gases, is shown to have 

35 completely entered ttie female lobe 11c. Initially, ttie male lobe 20a canies the rotor 31 witii it, up to the point at 
which tiie latter has moved away ftiom tiie wall of the stator 33 to a sufficient extent as to be able to be pushed 
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itself by the pressure of the expanding gases. From this monfient on, the male lobe 20a moves mainly under the 
driving force exerted by the rotor 31. The possibility is again given, thanks to the peculiar construction of the 
engine according to the present invention, for a further utilization of the energy contained in the expanding 
gases to be achieved. In this phase, it is namely the motion of the rotor 31 tiiat allows for such an energy 
5 recovery to be achieved, since it offers a possibility for tiie gases to expand. The exhaust port 70 is now cleared 
and accessible due to tiie valve 14 having been opened following an appropriate electronic control signal. The 
phase in which the spent gases are finally exhausted can now be brought to completion. On tiie left side of the 
stator 33, a new compression phase of the mixture that has been taken in previously can therefore start in the 
volume V1. 

10 In Figures 13, 14 and 15, the propulsive action of Uie expanding gases is shown to be ending, while a 

new cycle starts. The driving shaft 32 keeps being driven by the rotor 31, which moves along more than half the 
lower stator surface by describing, witti the sealing means 1 5b, tiie contour of tiie chamber 24, The driving shaft 
32 goes on tiie whole as far as completing a useful rotation, with respect to the position it had at tiie beginning 
of the combustion prc^cess (Fig.8), by an angle, as indicated at 02 in Fig.15, of (at least) 240**. This fact 

15 represents a noticeable improvement over tiBditional Wankel engines and ensures a torque being transmitted 
onto Uie driving shaft 32 in a very smootii manner, thereby enabling much smaller flywheels to be attached to 
said driving shaft, which in turn means a reduction in overall costs, size and weight. The phase being described 
here is the last one in tiie ttiennodynamic cycle of the engine 1; this cycle Is then repeated again by starting 
from the phase described in connection witti Fig.1. 

20 From Uie above description it can be inferred that, in the engine 1, to each rotation of the rotor there 

conespond three tunis of the driving shaft 32, just as in a traditional Wankel motor. 

In Fig.1 6, the reference numeral 100 is used to indicate a cross-sectional view of a prefen^ed 
embodiment of a compressor incorporating some of the features of ttie engine 1 . This compressor 100 can be 
used in applications requiring high-pressure media to be circulated, a typical utilization being in closed-circuit 

25 cooling and/or air-conditioning systems for residential application. The medium used by tiie compressor 100, 
which shall be refen-ed to simply and shortly as "medium" in the following description, is preferably the coolant 
R410A, being it anyway impossible for use to be made of liquids. The advantages offered by such compressor 
are a high efficiency, the quietness in operation, and a reduction in the vibrations being generated. These 
advantages are obtained owing to botii the particular construction of tiie compressor, many of the 

30 considerations set forUi above in connection witii tiie engine 1 applying also in Uiis case, and the particular 
manner in which a high pressure of tiie compressed medium is achieved. In fact, tiie main feature of this 
compressor lies in ttie use of a high-pressure oil jet being injected into a chamber containing ttie medium to be 
compressed. This jet of oil, due to tiie fact Uiat oil is incompressible, has ttie effect of increasing tiie pressure in 
the medium. Another advantage lies in tiie absence of valves. 

35 The construction of many mechanical parts of the compressor 100 is similar to tfie one of the 

con-esponding parts of ttie afore-described engine 1. These mechanical parts are indicated witii ttie prefix "1" 
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added to the reference numerals of the corresponding parts of the engine 1 , so as to keep a parallel connection; 
similar are in particular the stator 133 and the chambers 124, 170, the rotor 131 and the female lobes 111a, 
111b and 111c, the second rotor 120 and the male lobe 120a, the driving shaft 132 (not shown) coupled to the 
male lobe 120a. In this case, the driving shaft 132 imparts the motion to the male lobe 120a, thereby supplying 
5 the energy required to operate the compressor 100. Again, the compressor 100 is provided with sealing means 
115a, 115b, 115c and 113c, 113b. 113c, respectively, on the vertices of the rotor 131 and in con-espondence of 
the cusps of the three-lobe cavity of the same rotor 1 31 , the guides 1 88 along the perimeter of the two bases of 
the rotor 131 and related rollers (not shown in Fig. 16) associated thereto, as well as sealing means on the sides 
of the rotor 131, which are similar to the sealing means provided in the rotor 31 of the engine 1. In the 

10 compressor 100, the guides 188 are oversized as compared with the ones used in the engine 1, in consideration 
of the far greater stresses which they are subject to. 

Anyway, the compressor 100 also shows some differences with respect to the construction of the 
engine 1. So, for example, no injector and/or plug is of course to be found on the inner stator surface. At an 
extremity of the chambers 124, 170 there are debouching two delivery ports 105, 125 and the related delivery 

15 conduits 106, 126, respectively. On the inner stator surface, in contact with a base of the rotor 131, there are 
provided two inlet ports 150a, 150b for letting in the medium to be compressed. Both the shape and the position 
of these ports may obviously be changed according to the variants in the embodiment of the compressor itself. 
In the rotor 131, instead of the chambers 12a, 12b and 12c described previously in connection with the engine 
1, there are provided three conduits 112a, 112b and 112c that establish a communication between the outer 

20 contour of the rotor 1 31 itself and the female lobes 1 1 1 a, 1 1 b and 1 1 1 c, respectively. These conduits tenninate 
in a small hemispherical cavity provided on the sides of the rotor 131, this cavity being occupied by an 
equivalently sized half-sphere 190 (see Fig. 17). Upon said half-sphere 190 there is sliding a cord 192, usually 
made of Teflon, placed in a groove (not shown) extending all over the three sides of the rotor 1 31 parallel to the 
edges of the same rotor. This cord, which is elastic, has the task of retaining the three half-spheres 190 inside 

25 the respective cavities, while anyway leaving them free to lift off and clear the outlet of the conduits 112 when 
required (this function shall anyway be explained in greater detail further on). In the stator surface being in 
contact with the bases of the rotor 131 there are provided two inlet ports 151a, 151b. These ports are located 
along the vertical axis of symmetry Y of the stator 133 at a distance from the axis of the driving shaft 132 that is 
equal to the radius of the two semi-circumferences forming the second rotor 120. As this will be better explained 

30 further on, these ports are opened or closed cyclically by the body of the second rotor 120 as it rotates above 
them. These ports 151a, 151b communicate with appropriate conduits (not shown in the Figures) connected to 
an oil reservoir (not shown) located outside of the stator casing. 

The phases of operation of the compressor 1 00 will now be described for a delivery cycle of the same 
compressor. As far as this description is concerned, reference should be made to Figures 18 et seqq., in which 

35 the features of the present invention are specially illustrated. 

In Fig.18, the inlet phase of the medium, which appears like a mist, is shown to start on the left side of 
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the stator 133. The medium to be compressed flows in from the inlet port 150a, until it fills up the volume defined 
VI1 1, which is comprised between a side of the rotor 131 and the inner surface of the stator 133. This inlet 
phase is only partially assisted by the motion of the rotor 131, owing to the fact that the medium, in these 
applications, flows spontaneously, i.e. by its own pressure, into the volume V1 1 1 . The male lobe 120a is rotating 
5 in the clockwise direction and is moving into the female lobe 111a. From this moment on, the rotor 131, which 
was resting with its sealing means 115 against the right inner wall of the stator 133, is driven rotatably in the 
clockwise direction by the male lobe 120a. This rotary motion is accompanied by a translatory motion occuning 
in a parallel manner, whose characteristics are similar to the ones obtained in the engine 1 . It should be noticed 
how, in this phase, the two sealing means 115b, 115c keep the volume V1 11 separated from the volumes 

10 contained in the chambers 1 24 and 170, which communicate with the delivery conduits 106, 126. As in the case 
of the engine 1, there are only sealing means separating the rotor 131 from the surface of the stator 133, a thin 
oil film being present therebetween, as this shall be explained in greater detail further on. The position of the 
second rotor 120 shown in the Fig.is such as to leave the inlet ports 151a, 151b fully clear, so that oil is filling 
the female lobes 111a, 111c and the related conduits 112 and 112c. However, the oil cannot escape from the 

15 rotor 131, since the half-spheres 190 are plugging said conduits, as pressed thereagainst by the cord 192 and 
the reaction of the inner stator surface. The task of the second rotor 120 is not confined to merely opening and 
closing the ports 151a, 151b cyclically; more than that, said second rotor behaves as an actual oil pump. In 
other words, the motion of this second rotor 120 is such as to take in oil from the interior of the female lobes 
111a. lllband 111c. 

20 In Fig. 19, the second rotor 120 is shown to have already completed almost half a revolution in the 

clockwise direction. The male lobe 120a has driven the rotor 131 all the way to the opposite side of the stator 
133 and, while moving out of the female lobe 111a, is going to move into the female lobe 111b. The medium 
being present in the volume V1 1 1 has been compressed, thanks to the pressure generated by the rotor 131 , to 
a compression ratio that, in this phase, can substantially be estimated as lying close to a factor 4 and is 

25 determined by the geometry of the mechanical parts involved. On the right side of the stator 133, inside the 
volume V1 12 (as defined in the same way as the volume V111), a new Inlet phase starts with the medium 
flowing in through the inlet port 150b. It can be noticed that the combined rotary and translatory motion of the 
rotor 131 has caused the portion of the second rotor 120 that is attached to the driving shaft 132 to move 
completely into the female lobe 111c. This again causes the oil contained therein to be able to escape through 

30 the conduit 1 12c, owing to the fact that, at this point, the pressure exerted by the oil is sufficient to overcome the 
opposing force of the cord 192 and, as a result, to cause the half-sphere 190c to lift up. The addition of the oil to 
the medium in this phase is a technique that is generally known as such in the art, and it is used above all to 
keep up a connect lubrication and a proper sealing effect, as well as to cool down the medium flowing into the 
stator 133, 

35 In Fig.20, the second rotor 120 is shown to have completed a further rotation in the clockwise direction, 

while carrying the rotor 131 rotatably with it, so that the same rotor 131 is now moving away from the wall of the 
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stator 133. Actually, between the sides of the rotor 131 and the inner stator surface there is present an oil film, 
which is effective in improving the lubrication of the engine and the action of the sealing means 115. The male 
lobe 120a is now moving completely into the female lobe 111b, in which there is present oil that is thereby 
compressed to a quite noticeable extent This compression is such as to cause oil to escape from the conduit 
5 112b; however, the oil jet meets with a major impediment constituted by the inner stator surface which, in this 
phase, limits the extent to which the half-sphere 190b is able to move away from the outlet of the conduit 112b 
and, as a result, limits the flow rate of the oil. At the same time, the delivery phase of the medium towards the 
delivery conduits 126 starts in the volume V1 12 on the right side of the stator 133. It can in fact be noticed that 
the sealing means 1 15a has now shifted, thereby clearing the delivery port 125. 

10 In Fig.21, the conduit 112b is shown to be now directly communicating with the chamber 124. The oil 

compressed by the male lobe 120a, which has now moved completely into the female lobe 1 12b, is finding now 
an easy escape route in the chamber 124. The pushing action exerted by the oil flowing into the chamber 124 
has an effect on the medium present in the delivery chamber 106 in that it causes the pressure of the same 
medium to sensibly increase. This is a peculiar feature of the compressor 100, i.e. causing the pressure of the 

15 medium to increase through a jet of incompressible liquid into the delivery volume of said medium. It can be 
readily appreciated that, by varying the size of the female lobes and the conduits 112, it is possible for the oil 
percentage versus the medium percentage to be varied accordingly, depending on the requirements of the 
particular application. In the stator 133, on the right side thereof, the volume V1 12 is decreasing due to the 
action of the rotor 131, thereby continuing the delivery of the medium contained therein towards the conduit 126. 

20 On the left side of the stator 133, on the contrary, the rotor 131 is gradually clearing the inlet port 150a, thereby 
starting the phase of medium inlet into the volume V1 1 1 . 

It will be readily appreciated that a number of variations in the embodiment of the present invention are 
possible as compared to what has been described above, e.g. as far as dimensions, shapes or the use of 
mechanical equivalents are concerned, such as for instance by embodying the object of the present invention 

25 with a number of male lobes or female lobes differing from the afore-noted one, without departing from the 
scope of the invention as defined by the appended claims. 



